consideration. Despite the fact that consensus guidelines in both the USA 10 and Europe 11 recommend routinely assessing LFTs at admission, most of the data on the epidemiology of LFTs in HF are derived from large clinical trials with highly restrictive inclusion and exclusion criteria or smaller single-centre studies and may not be generalizable. Although anecdotal experience suggests mild/moderate transaminase elevations to be prevalent in patients hospitalized for HF requiring intensive care unit (ICU) or coronary care unit level of care, it is presently unclear whether there is an association between transaminase levels at admission and in-hospital morbidity and mortality.
The RO-AHFS (Romanian Acute Heart Failure Syndromes) registry 12 is a prospective, hospital-based study including all consecutive patients hospitalized for HF. RO-AHFS provides a unique opportunity to investigate the epidemiology and predictive value of transaminases in a heterogeneous population including patients of all levels of acuity with both reduced and preserved ejection fraction. Specifically, the objectives of this post-hoc analysis of the RO-AHFS registry were to: (1) determine the prevalence and degree of transaminase elevation by clinical profile at presentation as well as ejection fraction; (2) describe the demographic and baseline clinical characteristics, electrocardiographic and echocardiographic findings, inpatient management, and admission and discharge medication utilization by transaminase levels; and (3) evaluate the association between transaminase levels at admission and in-hospital morbidity and mortality.
Methods
The study design and primary results of the RO-AHFS registry 12 have previously been reported. Briefly, RO-AHFS is a national, prospective, hospital-based study, which enrolled 3224 consecutive patients over a 12-month period at 13 medical centres, including academic and community hospitals, in Romania. The only inclusion criterion was a primary diagnosis of HF for the current hospital admission. This diagnosis required the presence of signs and symptoms of HF, documented objective evidence of cardiac dysfunction, and the need for intravenous therapy. 11 Patients with high-output HF were excluded.
The study protocol was approved by the Institutional Review Board of each participating site as well as the Executive Board of the Romanian Society of Cardiology and is in compliance with the Declaration of Helsinki. The present analysis includes only patients (n=489, 15.2%) with alanine transaminase (ALT) and aspartate transaminase (AST) measured at admission. All data were collected by chart review and entered into a centrally managed online database using a web-based electronic case report form. Automated electronic data checks were performed to prevent out-of-range or duplicate entries. Source verification was completed centrally for a random sample to ensure the validity of the data.
All laboratory testing was performed on site and was left to the discretion of the enrolling clinician-investigator. The upper limits of normal for ALT and AST, respectively, was 31 and 32 IU/L, based on centralized laboratory standards. The epidemiology of ALT and AST are both reported since they are typically measured together, but all subsequent descriptive and prognostic analyses were restricted to ALT since this enzyme is known to be a more sensitive and specific marker of liver disease than AST, which is also present in skeletal and cardiac muscle.
Patients were classified into the following five clinical profiles by the clinician investigators at the time of admission according to the 2008 European Society of Cardiology guidelines: acute decompensated HF, cardiogenic shock, pulmonary oedema, right HF, and hypertensive HF. 11, 13 Assignment to the pulmonary oedema clinical profile required radiographic evidence of pulmonary alveolar oedema at the time of admission.
All categorical variables are reported as a percentage and all continuous variables as a mean±standard deviation (SD) and/or median (interquartile range). Clinical variables were compared using Fisher's Exact test or the chi-square test for categorical variables, as appropriate, and a one-way analysis of variance for continuous variables. For the endpoint analyses, evidence of non-linear effects was observed by Kolmogorov-type supremum testing, thus ALT was divided into quartiles: Q1 10-20, Q2 21-30, Q3 31-64, and Q4 65-205 IU/l. The association between ALT at admission and event rates for in-hospital outcomes were assessed as a categorical variable using multivariate Cox regression models. The primary endpoint was in-hospital all-cause mortality (ACM). Secondary clinical endpoints included worsening renal function [i.e. defined as a >0.3 mg/dl increase in serum creatinine (sCr) or a >10 mg/dl increase in blood urea nitrogen (BUN)], ventricular tachycardia or fibrillation, utilization of intravenous (IV) inotropes, necessity for ICU admission and length of stay, which were selected a priori. All multivariable models were adjusted for age, gender, body mass index, ejection fraction, systolic blood pressure, serum Na, sCr, serum BUN, haemoglobin, QRS duration, atrial fibrillation/flutter on baseline EKG, and medication utilization [β-blockers, angiotensin-converting enzymes inhibitors (ACEIs)/angiotensin receptor blockers (ARBs) and mineralocorticoid receptor antagonists (MRAs)] except when the relevant covariate was also the clinical endpoint (i.e. sCr and BUN). Receiver operator characteristic curves were generated to determine the overall diagnostic accuracy of ALT to predict in-hospital ACM and necessity for ICU admission. Test performance was estimated by calculating the area under the curve (AUC) along with the 95% confidence interval (CI). All final analyses were conducted using SPSS version 16 (SPSS, Chicago, IL, USA).
The RO-AHFS registry was funded through an unrestricted educational grant provided by Abbott Laboratories Romania. The sponsor had no involvement in study design, data collection, statistical analysis, results interpretation, or manuscript drafting. The authors had full access to the data, take responsibility for its integrity, and had complete control and authority over manuscript preparation and the decision to publish.
Results
A total of 489 patients (15.2% of registry enrollment) had ALT and AST measured at the time of admission and 80.7% and 19.2% of patients, respectively, were enrolled from academic centres and community hospitals. In contrast, the breakdown of enrollment in the RO-AHFS registry was 41% academic centres and 59% community hospitals.
The median (interquartile range) of ALT and AST were 22 (16-47) IU/l and 23 (16-37) IU/L, respectively, and the prevalences of elevated ALT and AST were 28% and 24% (Figures 1 and 2) . The prevalence and degree of abnormal transaminases was highest in patients classified as cardiogenic shock and right HF and lowest in the hypertensive HF and pulmonary oedema clinical profiles. Transaminase elevations were also more pronounced in patients hospitalized for HF with reduced ejection fraction (i.e. <45%) compared to preserved ejection fraction (i.e. >45%).
The distribution of age and gender breakdown was comparable across ALT quartiles (Table 1) . Although the prevalence of medical comorbidities (i.e. hypertension, dyslipidaemia, and diabetes) appeared to be inversely related to ALT quartile at admission, this trend approached but did not reach statistical significance. Similarly, for increasing ALT levels, there were signals towards more HF aetiologies attributable to ischaemia and valvular disease and less HF attributable to hypertension that did not reach the threshold for statistical significance. However, the incidence of de-novo HF and HF occurring in the setting of ACS was independent of admission ALT. In contrast, systolic blood pressure and pulse pressure were lower in patients with higher ALT levels.
Increasing ALT quartile was directly associated with the prevalence of atrial fibrillation, second or third degree AV block, evidence of permanent pacing, and prolonged QRS duration on baseline EKG (Table 2 ). In contrast, there was a trend towards less electrocardiographic evidence of left ventricular hypertrophy. Echocardiographic findings including increased left ventricular (LV) dimensions, decreased left ventricular ejection fraction, and valvular disease were also directly related to higher admission ALT, while the association between ALT and documented LV aneurysm and mechanical complications secondary to acute myocardial infarction only trended towards significance (Table 3 ). Patients with an admission ALT in the highest quartile were much more likely to receive IV therapies including loop diuretics (i.e. furosemide), inotropes, and vasopressors and far less likely to be treated with nitroglycerin ( Figure 3 ). Increasing ALT levels was also associated with higher utilization of temporary transcutaneous pacing, mechanical ventilation, and ultrafiltration ( Table 4 ). The utilization of β-blockers and ACEIs at admission was inversely associated with higher baseline ALT and the disparity in the use of these evidence-based therapies was even more prominent at the time of discharge (Table 5 ). However, there was a trend towards greater use of MRAs at discharge among patients with an ALT measurement in the highest quartile. Finally, patients in the highest ALT quartile were substantially less likely to be taking an antithrombotic or statin at admission or discharge. After adjusting for clinically relevant covariates, admission ALT was directly associated with in-hospital BUN increases, necessity for ICU admission, and longer length of stay across quartiles ( Table 6 ). In addition, the highest quartile of ALT at admission was associated with greater utilization of IV inotropes. The overall ACM rate in this analysis was 8.3%, ranging from 6.4% in quartile 1 to 11.3% in quartile 4 of ALT in a non-linear fashion (p=0.07 for trend). The highest quartile of admission ALT was independently associated with higher in-hospital ACM compared to patients in the lowest quartile (HR 1.7, 95% CI 1.3-3.0).
Receiver operator characteristic curves for ALT as a predictor of ACM and ICU admission are depicted in Figure 4 . For ACM an ALT cutoff of 31 IU/l, the upper limit of normal, had a sensitivity of 0.76 and a specificity of 0.51, while for ICU admission the same cutoff had a sensitivity of 0.80 and a specificity of 0.74. The AUC for ALT as a predictor of ACM and ICU admission, respectively, were 0.686 (95% CI 0.564-0.769, p=0.02) and 0.798 (95% CI 0.718-0.897, p=0.01).
Discussion
Approximately 25% of patients enrolled in the RO-AHFS registry with transaminase measurements at admission were found to have abnormally high ALT and/or AST levels.
Elevated transaminases were most prevalent in the patients classified as right HF or cardiogenic shock at initial presentation or found to have a reduced ejection fraction (i.e. <45%) and least prevalent in the patients classified as hypertensive HF or pulmonary oedema or found to have a preserved ejection fraction (i.e. >45%). High ALT was associated with relative hypotension and a low pulse pressure at presentation, LV dyssynchrony on baseline EKG, echocardiographic evidence of increased LV dimensions and valvular heart disease, inotropic and/or vasopressor support during hospitalization, and lower rates of utilization of evidence-based therapies (i.e. β-blockers and ACEIs). After adjusting for potential confounders, increasing ALT was independently predictive of in-hospital outcomes including worsening renal function, necessity for ICU admission, and longer length of stay as well as significantly higher rates of ACM at extremes of ALT (i.e. highest quartile).
More than a quarter of the patients in the present analysis were found to have elevated ALT and/or AST at the time of admission, while cross-sectional studies have estimated the prevalence of asymptomatic transaminase elevations to range from 0.5-4% in the general population. 14, 15 Notably, the prevalence of elevated transaminase levels in the present analysis was also significantly higher than the <5% reported in CHARM 5 (Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity Program) and the ~20% reported in EVEREST 3 (Efficacy of Vasopressin Antagonism in Heart Failure: Outcome Study with Tolvaptan). It is well established that ambulatory HF patients (i.e. CHARM) tend to exhibit a predominantly cholestatic LFT pattern (i.e. bilirubin, alkaline phosphatase, and gamma glutamyl transferase), while patients hospitalized for HF manifest a mixed LFT pattern with features of both cholestasis and hepatocellular injury (i.e. ALT and AST). In addition, although both RO-AHFS and EVEREST enrolled patients hospitalized for HF, the EVEREST trial [16] [17] [18] employed very specific exclusion criteria (e.g. supine systolic blood pressure <90 mmHg, haemodynamically significant uncorrected valvular heart disease, candidates for ventricular assist devices or continuous positive intravenous inotropic therapy, life expectancy <6 months) designed to exclude patients with refractory or end-stage HF, at least partially explaining the lower reported prevalence of abnormal transaminase levels. In interpreting these data it is important to note that alternative sources of transaminases cannot be definitively excluded as information regarding alcohol consumption and co-existing primary liver disease was not collected. Romania is well known as having one of the highest prevalences of chronic viral hepatitis in Europe. 19, 20 Similarly, nonalcoholic fatty liver disease is also a plausible causative aetiology of elevated transaminase levels, though body mass index was found to be unrelated to ALT concentration. Although higher ALT was inversely associated with statin therapy, it is uncertain whether this life-saving therapy was intentionally not initiated because of preexisting elevated transaminases or stopped early due to increasing transaminases. However, the incidence of asymptomatic transaminase abnormalities in patients on statin therapy has generally not been found to exceed 3%. 21, 22 Finally, more than 10% of the study population was hospitalized for HF in the setting of ACS, suggesting a cardiac source may have contributed to the high prevalence of elevated transaminases. Although age, gender, and past medical history were comparable across quartiles of ALT, higher ALT at admission was definitively associated with a constellation of clinical findings suggestive of abnormal haemodynamics and poor end-organ perfusion. Compared to the bottom quartile, patients with an ALT in the top quartile were 50% more likely to have evidence of LV dyssynchrony on baseline EKG, a known independent predictor of postdischarge morbidity and mortality. 23 Similarly, close to 40% of patients in the top quartile required inotropic support for a median duration >48 hours at some point during hospitalization, a notable finding since even short-term use of inotropes has been associated with increased inhospital and post-discharge mortality. 24 Finally, β-blocker and ACEI utilization was inversely associated with ALT, suggesting a potential risk-treatment mismatch. However, initiation and dose titration of these medications was likely limited by low blood pressure, at least partially explaining this finding. 25 To the best of our knowledge, this is the first study to find an association between admission ALT and short-term (i.e. days) mortality in patients hospitalized for HF. Previous studies conducted in patients hospitalized for HF 1-3 have found the association between transaminases and postdischarge outcomes (i.e. rehospitalization and mortality) to not be statistically significant after adjusting for natriuretic peptide concentrations or invasive haemodynamic measurements (i.e. central venous pressure and cardiac index). In Romania, natriuretic peptides are only routinely measured at academic medical centres and as a result were not available for a large proportion of the patients enrolled in RO-AHFS and thus could not be included in the multivariate model. However, the higher level of acuity and the focus on short-term outcomes may have both contributed to detecting a discernible independent prognostic value of admission ALT on morbidity and mortality.
It has been previously hypothesized that the deleterious effects of HF on the liver are a consequence of two mechanisms: (1) hepatic congestion secondary to volume and pressure overload; and (2) reduced cardiac output and compromised liver perfusion causing hypoxic injury. 1 ALT and AST are primarily cytosolic enzymes and these two mechanisms likely result in hepatocellular injury and immediate release into the bloodstream. However, the liver's complex dual blood supply (i.e. portal vein and hepatic artery) make it more resistant to hypoxic injury, which may explain why the present analysis found the AUC for ALT as a predictor of ACM to be relatively modest and only more pronounced elevations of ALT to be independently predictive of inhospital mortality (i.e. a threshold effect). Notably, the mode of death in patients with markedly elevated transaminases is likely due to progressive pump failure, a hypothesis which is supported by the high rate of inotropic and/or vasopressor support in this subset of patients and the absence of an association between ALT and fatal arrhythmias (i.e. pulseless ventricular tachycardia and fibrillation).
There are several limitations of the data that should be acknowledged. First, in contrast to the primary results of the RO-AHFS registry, this post-hoc analysis did not include all consecutive patients due to availability of transaminase data in only a subset. Although the utilization of this Romanian-based registry provides a relatively homogenous population for analysis, this may limit the overall generalizability of the study findings. However, the study population included patients of all levels of acuity with both reduced and preserved ejection fraction and no multicentre, cross-sectional studies of LFTs in HF have been conducted to date. Second, this study provides only a partial description of liver function in HF at a single point in time as laboratory markers of cholestasis (i.e. bilirubin, alkaline phosphatase, and gamma glutamyl transferase) and synthetic function (i.e. albumin and coagulation studies) were either not collected or not interpretable (i.e. coagulation times in patients on anticoagulants). Third, this study cannot exclude primary liver disease or cardiac ischaemia as a source of transaminases. Fourth, natriuretic peptides were not measured and correcting for this well-studied surrogate of haemodynamic congestion may have partially attenuated the association between admission ALT and inhospital morbidity and mortality. Finally, long-term followup data were not collected as part of the RO-AHFS registry, limiting the present analysis to the association between ALT and in-hospital events.
Abnormal transaminase levels may occur in more than a quarter of patients admitted with a primary diagnosis of HF. High transaminases are part of a clinical profile suggestive of low cardiac output, frequently require inotropic and/or vasopressor support at some point during hospitalization, and are associated with in-hospital morbidity including worsening renal function, ICU admission, and longer length of stay. Most importantly, more pronounced elevations in transaminases are suggestive of progressive pump failure and independently associated with increased shortterm mortality in patients hospitalized for HF.
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